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通过两次不同浓度的镉(II)、汞(II)、 铅(II)、锰(II) 、钴(II) 、Cr(Ⅵ)、镍(II)、
铜(II)8 种重金属富集，从东、西太平洋和南海底泥中共分离得到 280 株细菌，分
别属于 16 属 33 种, 16S rDNA 测序显示，细菌分别属于 Bacillus pumilus、Bacillus 
cereus、 Bacillus firmus、 Bacillus megaterium、 Bacillus mycroides、 Bacillus 
mojavensis、Bacillus cibi、Bacillus sphaericus、  Bacillus fusiformis、Bacillus 
hwajinpoensis、Bacillus vietnamensis、Advenella incenata、Alcanivorax dieselolei、
Alcaligenes faecalis、Arthrobacter oxidans、Brachybacterium paraconglomeratum、
Brevibacterium aureum、Brevibacterium sanguinis、Citricoccus alkalitolerans、
Exiguobacterium aurantiacum、Halomonas meridiana、Halomonas venusta、Kocuria 
palustris 、 Kocuria erythromyxa 、 Microbacterium oxydans 、 Microbacterium 
oleovorans 、 Paracoccus marcusii 、 Planococcus maritirnus 、 Staphylococcus 
saprophyticus、Staphylococcus epidermidis、Virgibacillus dokdonensis、Virgibacillus 
pictruae。分别属于 Actinobacteria、Firmicutes、α-，β-，γ-Proteobacteria 类群，
其中有几株细菌是首次发现存在于深海并具有重金属抗性的，如东太平洋样品分
离得到的菌株 Advenella incenata Cr12 以及南海样品分离得到的菌株
Brevibacterium sanguinis NCD-5。分离得到芽孢杆菌 12 种 231 株，芽孢杆菌为出
现频率 高的菌，占总菌数的 82.5%，在各个站点以及在含 Pb(II)、Cr(Ⅵ)、Co(II)、
Cu(II)、Ni(II)的选择性培养基中均能够分离得到，说明芽孢杆菌是深海重金属抗
性菌中不可忽视的一大类群。抗性研究结果表明，菌 Pb26 （Staphylococcus 
saprophyticus）对重金属锰（Ⅱ）有较高的抗性， 小抑制浓度为 30mM，而且
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能够去除培养基中 90%的 Mn2+，具有对 Mn2+的积累作用，通过 PCR 反应，克
隆到 Mn（Ⅱ）积累相关的运输蛋白 Nramp 的编码基因，系统发育分析显示它与
现已报道的 Nramp 相差较大。另外，在东太平洋样品中分离得到菌株 Ni5 
（Exiguobacterium aurantiacum），对 Cr（Ⅵ）具有较高的抗性， 小抑制浓度为
2mM，通过 PCR 反应，克隆到 Cr（Ⅵ）抗性相关蛋白 ChrA 的编码基因，系统
发育分析显示它与现已报道的 ChrA 相差较大。 
另外，在南海样品中筛选得到一株细菌 NCD-5，16SrDNA 序列比对和 GC




白，质谱分析可能是 ABC 运输蛋白，可能与菌株对 Cr(Ⅵ)的抗性有关。 
菌 NCD-5 在含 1mMCr(Ⅵ)的的高盐 LB 中，30℃、200rpm 培养 48h 能够去
除 99.63% Cr(Ⅵ)。生理生化特性分析表明，10%的 NaCl 对 NCD-5 的生长无影响；
NCD-5 的 适生长温度在 25℃到 40℃， 适 pH 在 6-8 之间。对它的细胞提取
物的 Cr(Ⅵ)还原活性的研究表明，它还原酶活性是 0.44mmol/mg 蛋白/min，CFE
的 Cr(Ⅵ)还原的 适 pH 为 7.5， 适温度为 40℃，电子供体 NADH 优于 NADPH， 
NADH 存在的情况下，铬还原率是 NADPH 存在下的 1.88 倍。Cu2+、 Mn2+ 、
Cd2+ 、Ni2+可以使 Cr(Ⅵ)还原活性上升, Hg2+使 CFECr(Ⅵ)还原活性下降，但幅
度很小， Co2+、Pb2+对 Cr(Ⅵ)还原活性影响很小。这些性质都与已报道的好氧细




















Almost all types of microorganisms can be found in marine environment.. For the 
survival in high salt, high pressure, low-temperature, low-nutrition ,scarcity of light 
and other such extreme environmental conditions, they have developed special 
physiological and genetic characteristics, such as salt-tolerant, thermophilic, 
psychrophilic, barophilic，osmophiles, nitrogen fixation, nitrate reduction, heavy 
metal resistance . Study on marine heavy metal resistant bacteria now were mainly 
focused on those isolated from hydrothermal vents. In this report, heavy metal 
bacteria were isolated from deep sea sediments in the polymetallic nodule province of 
the Pacific. The research was concentrated on the diversity of heavy metal resistant 
bacteria and their resistance mechanisms. 
Through the two enrichments with 8 kinds of heavy metals in LB medium from 
deep-sea sediments, 280 isolates were obtained and 16S rDNA sequence showed all 
the isolates include 33 species of 16 genus, and identified to be : Bacillus pumilus，
Bacillus cereus，Bacillus firmus，Bacillus megaterium，Bacillus mycroides，Bacillus 
mojavensis，Bacillus cibi，Bacillus sphaericus，  Bacillus fusiformis，Bacillus 
hwajinpoensis，Bacillus vietnamensis，Advenella incenata，Alcanivorax dieselolei，
Alcaligenes faecalis，Arthrobacter oxidans，Brachybacterium paraconglomeratum，
Brevibacterium aureum，Brevibacterium sanguinis，Citricoccus alkalitolerans，
Exiguobacterium aurantiacum，Halomonas meridiana，Halomonas venusta，Kocuria 
palustris ， Kocuria erythromyxa ， Microbacterium oxydans ， Microbacterium 
oleovorans ， Paracoccus marcusii ， Planococcus maritirnus ， Staphylococcus 
saprophyticus，Staphylococcus epidermidis，Virgibacillus dokdonensis，Virgibacillus 
pictruae. Based on the phylogenetic analysis resulte,the groups of Actinobacteria，
Firmicutes，Proteobacteria were detected in the samples. Several bacteria were found 
in deap sea sediments and were the first time to be found to have abilities of heavy 
metal resistance, such as Advenella incenata strain Cr12 isolated from East Pacific 
and Brevibacterium sanguinis strain NCD-5 isolated from the south China Sea. 
Among all the bacteria, the most common species were in the genera of Bacillus with 
231 isolates of 12 species,82.5 per cent of the whole isolates.Since they are isolated 















heavy metal resistant bacteria in deep sea sediments.Strain Pb26 （Staphylococcus 
saprophyticus）had a high ability of  manganese( ) resistance and its MIC(minimal Ⅱ
inhibitory concentration) was 30mM. Strain Pb26 also had a high ability of  
manganese( ) absorption and removed 90 percent of MnⅡ 2+ from the culture(10 
mmol/L Mn(Ⅱ)) after 24 h sample incubation at 28 ℃ with shaking at 200 rpm. The 
gene nramp was cloned from strain Pb26, which encoded a transport protein-Nramp 
in the membrane related to the metal absorption with high manganese removal ability. 
Besides,strain Ni5（Exiguobacterium aurantiacum） isolated from East Pacific had a 
high ability of  chromate( ) resistance and its MIC was 2mM. A ChrAⅥ -encoded 
gene was cloned from strain Ni5 which encoded a transport protein in the membrane 
related to chromate resistance. After phylogenetic analyzing the two sequences, we 
found that they were different from those previously reported. 
In addition, one isolate numbered NCD-5, identified as Brevibacterium sanguinis, 
had high ability of chromate resistance and chromate reduction. 
1mM of chromate had no effect on the growth of strain NCD-5 and MIC of strain 
NCD-5 was 6mM.By comparing with crude extracts from cells grown in Cr( )Ⅵ -free 
and  Cr( )Ⅵ -containing media, one difference was found about a 18.4KDa 
protein.Analysed by MS-MS method, the protein may be a ABC transporter which is 
involved in abosorption and efflux system of metal ions.  
Isolate NCD-5 removed 99.63 percent of Cr(Ⅵ) from the culture(1 mmol/L 
Cr(Ⅵ )) after 48 h sample incubation at 30  with shaking at 200 rpm. The ℃
temperature optima for growth was 25  to 40  and the optima pH was 6.0℃ ℃ -8.0 . 10 
per cent of salinity had no effect on the growth of strain NCD-5. The chromate 
reduction Vmax of cell-free extract (CFE) was 0.44mM Cr( )/mg protein/min. The Ⅵ
optimal reductase activity was obtained at pH7.5 and 40 . NADH and NADPH were ℃
used as electron donors, but NADH was better, conferring 88% higher activity than 
NADPH. Cu2+， Mn2+， Ni2+ ，Cd2+ stimulated the activity ,while Hg2+ inhibited 
lightly and Co2+ ，Pb2+ had no effect on the chromate reductase activity .So it seemed 
that the reductase of strain NCD-5 is different from those previously reported. 
Therefore, strain NCD-5 probably has a new and special chromate reductase. 
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1  前言 
1.1  海洋微生物资源 
地球表面总面积约 5.1×108km2，分属于陆地和海洋。如以大地水准面为基准，
陆地面积为 1.49×108km2，占地表总面积的 29.2％；海洋面积为 3.61×108km2，占
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表 1.海洋微生物的分类 
Tab.1. Classification of marine microorganisms 
非细胞类生物 ：病毒 Viruses 
古菌 Archaea 
  化能自养菌 ：产甲烷细菌 Methangens；嗜热酸细菌 Thermoacidophilesa 
  化能异养菌 ：嗜盐细菌 Halophiles 
细菌 Bacteria 
  光能自养菌 
    厌氧光合菌 ：紫色光合细菌和绿色光合细菌 (红螺菌目 Rhodospirillales) 
    有氧光合菌 ：蓝细菌 Cyanobacteria(蓝细菌目 Cyanbacteriales) 
            原绿植物菌 Prochlorophytes(原绿菌目 Prochlorales) 
    化能自养菌 ：硝化细菌 (硝化杆菌科 Nitrobacteraceae)；无色氧化硫细菌； 
            甲烷氧化菌 (甲烷球菌科 Methylococcaceae) 
  化能异养菌 
    革兰氏阳性菌 ：产内孢棒状菌和球状菌；不产孢棒状菌；不产孢球状菌(微球菌科 
            Micrococceae)；放线菌 (放线菌目 Actinomycetales)及其相关菌 
    革兰氏阴性菌 ：棒状菌和球状菌 ：好氧菌 (假单胞菌科 Pseudomonadaceae) ； 
            兼性菌 (弧菌科 Vibrionaceae)；厌氧菌 (还原硫细菌 ) 
             滑动细菌；嗜细胞菌目 Cytophagales； 
贝日阿托氏菌目 Beggiatoales(粘细菌目 Myxobacteriales) 
            螺旋菌 ：螺旋体目 Spirochaetales 
            螺状和弯曲状菌 ：螺菌科 Spirillaceae 
            发芽和/或附枝状细菌 
           枝原体：柔膜体纲 Molicutes 
真核生物 Eucarya 
  光合自养菌 ：微藻 Microalgae 
  化能异养菌 ：原生动物门 ：鞭毛藻 Flagellates；阿米巴 Amoebae；纤毛虫 Ciliates 
               真菌：高等真菌 ：子囊菌门 Ascomycota；担子菌门 Basidiomycota 
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